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Available online 2 March 2015AbstractPurpose: The aim of this study was to assess initial computed tomography (CT) findings in patients diagnosed with H7N9 virus-associated
pneumonia.
Samples and methods: From March 2013 to July 2013, 14 hospitalized patients aged 47e81 years with a mean of 67.4 ± 9.7 years infected by
avian influenza virus H7N9underwent chest CT scanning. The initial CT scans were obtained at d 7.6 ± 2.8 (range, 3e10days) after onset. The
pattern, distribution, extent of the lesions, and their changes in follow-up CT scans were evaluated.
Results: All patients presented a mixture of ground glass opacities and areas of consolidation on CT images. Air bronchogram was observed in
11 patients (78.6%). The coverage of the ground glass opacities was at least threefold larger than that of the consolidation in 7 patients (57.1%).
The lesions were bilateral with multifocal distribution (n ¼ 13); bilateral and diffuse (n ¼ 1). The abnormalities had a predominantly subpleural
and central distribution in 11 patients (78.6%) and a subpleural distribution in the other 3 patients (21.4%). Ten patients (71.4%) were found with
pneumonic infiltration to the extent of 40%.Pleural effusion was found in 9 patients (64.3%). Follow-up CT scans in 10patients showed
progress of the lesions in 8 patients, with a slow improvement thereafter.
Conclusion: Predominant ground glass opacities and less dominant consolidations, commonly along with air bronchogram, multifocal or
bilateral involvement and a subpleural and central distribution, were initial CT findings of pneumonia in patients with avian influenza (H7N9).
Extensive pneumonic infiltration and pleural effusion were common. The disease exhibited rapid progress of the lesions in the early stage of
infection.
© 2015 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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[1]. During the past few years, several subtypes of avian
influenza virus have been shown to cross the species barrier
and infect humans. During an outbreak of human infected
avian influenza (H7N9) in eastern China, 7 death cases and 23
infected cases had been reported by April 8th, including 12
cases with severe infections [2]. The first documented case of
human infected avian influenza (H7N9) occurred in Shanghai
in March [3]. In March 2013, three urban residents of Shanghai
and Anhui, China presented rapid progress of lower respiratory
infection and were found to be infected with a novel reassortant
avian-origin influenza virus, H7N9 [4,5]. All three cases. Production and hosting by Elsevier B.V. This is an open access article under
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rapidly into severe pneumonia and acute respiratory distress
syndrome (ARDS), ultimately causing death. All the patients
had preexisting medical conditions, and two had a history of
direct contact with poultry [4,5].
For the majority of patients with pneumonia, chest radiog-
raphy provides adequate imaging information and CT scan is
not warranted. However, CT is helpful, especially for the cases
that are highly suspected with pneumonia in the presence of
normal or questionable radiographic findings. In this study, we
aimed to evaluate the initial CT findings of patients with
pneumonia following human infected avian influenza (H7N9).
2. Samples and methods2.1. PatientsThis study was approved by the Institutional Review Board
of our institution. From March 2013 to July 2013, 14 patients
fulfilling the clinical criteria of human infected avian influenza
(H7N9) established by the National Centers for Disease
Control and Prevention (CDC) were hospitalized in our
institution, including 3 females and 11 males. They were aged
67.4 ± 9.7years (range, 47e81 years). Two patients had a
history of close contact with poultry. All patients were
confirmed as having human infected avian influenza (H7N9)
by real-time polymerase chain reaction (RT-PCR).2.2. CT scansCT scans were performed on a 16-row Siemens CT scanner
(SOMATOM Sensation 16, Siemens, Germany) and a 16-slice
Philips CT scanner (Brilliance 16, Philips, Netherlands) with
no contrast enhancement. Spiral scans were obtained with the
following parameters: 110 mAs, 120 kVp, 1 mm collimation,
and 7-mm gap. Images were obtained with both mediastinal
(width, 350e450 HU; level, 20e40 HU) and parenchymal
(width, 1200e1600 HU; level, 500 to700 HU) window
settings. Two experienced radiologists with 12 years' and 22
years' experience in chest radiology reviewed the chest ra-
diographs and CT scans independently and came to a
consensus on the final interpretations.2.3. Images evaluationCT findings were recorded, including ground-glass opacity,
consolidation, nodular opacities, interlobular septal thickening,
and crazy-paving pattern. Ground glass opacities were defined
as hazy areas of increased opacity or attenuation without con-
cealing the underlying vessels. Consolidation was defined as
homogeneous opacification of the parenchyma obscuring the
underlying vessels. Nodular opacities were defined as focal
round opacities (diameter <2 cm). Nodules were considered
centrilobular when they demonstrated all of the following fea-
tures: sparing of the subpleuralinterstitium, even spacing from
each other, and associating with the distal bronchovascular
interstitium.A crazy-paving patternwas defined as ground glassopacity with superimposed interlobular septal thickening and
intralobular lines. The presence of lymphadenectasis (defined
as a lymph node 1 cm in its short-axis diameter), pneumo-
thorax, pneumomediastinum, and pleural effusion was also
noted.
The distribution was categorized as focal, multifocal, or
diffuse. Focal was defined as a single focus of abnormality,
multifocal as more than one focus, and diffuse as bilateral and
involving the equivalent of the volume of one or both lungs. The
extent of involvement of each abnormality was assessed inde-
pendently for each of three zones: upper (above the carina),
middle (from the carina to the inferior pulmonary vein), and
lower (below the inferior pulmonary vein). The lesion location
was also assessed as being in the upper, middle, or lower lung
zone and as being in a random, predominantly central or peri-
bronchovascular, or peripheral (outer third of the lungs) loca-
tion. Each lung zone (with a total of six lung zones) was assigned
a score, modified from the previously described protocol and
based on the following [6]: 0, no involvement; 1, <25%
involvement; 2, 25e50% involvement; 3, 50e75% involve-
ment; and 4,>75% involvement. Sum of the scores provided the
overall lung involvement (maximal CT score¼ 24). The extent
of ground glass opacities and consolidations was estimated by
counting the score in each lung zone to calculate the ratio of the
extent of ground glass opacities to consolidations. The score of
the abnormalities in both lungs was also estimated to calculate
the percentage between the abnormalities in the two lungs and
the maximal CT score.
To assess evolution pattern over time, follow-up CT scans
were conducted to evaluate serial changes during the time
interval between initial and follow-up examinations.2.4. Statistical analysisThe mean scores for ground glass opacities and consoli-
dations for the 14 patients were described as the
mean ± standard deviation (SD). Student's T test scores were
used to analyze differences between ground glass opacity
scores and consolidation scores. P value <0.05 was considered
to indicate a statistically significant difference. All of the data
were analyzed with statistical software SPSS(v. 16.0; SPSS
Inc., Chicago, IL).
3. Results
The clinical and laboratory data of the patients with
confirmed human infected avian influenza (H7N9) on admis-
sion was listed in Table 1. Fourteen patients had a body
temperature higher than 38 C and cough. Other symptoms
included tachypnea (9/14, 64.3%) and diarrhea (1/14, 7.1%).
Preexisting medical conditions existed in 8 patients (57.1%),
including hypertension (3), type II diabetes mellitus (n ¼ 3),
chronic bronchitis (n ¼ 1), and coronary disease (n ¼ 1).
Respiratory failure was observed in 6 patients. Mechanical
ventilation was required in 10 patients, and one patient died.
The most striking laboratory findings were lymphopenia
(n ¼ 14, 14/14, 100%), leukopenia (n ¼ 6, 6/14, 42.9%),
Table 1
Clinical, laboratory and CT data in 14 patients with pneumonia following human infected avian influenza (H7N9).
Sex/age (y) Comorbidities Clinical presentation Predominant CT findings Days after onset
of symptoms
Laboratory findings
Complete blood count CRP LDH PaO2
1 M/65 Hypertension F,C,T GGO, Cons 4 Leukopenia
Lymphopenia
Thrombocytopenia
66.0 492 7.3
2 M/74 Coronary disease F,C,T GGO, Cons, AB, IST 2 Leukopenia
Lymphopenia
Thrombocytopenia
47.0 NA 7.5
3 F/81 No F,C,D GGO, Cons, AB 10 Lymphopenia
Thrombocytopenia
131.0 454 9.3
4 M/58 No F,C,T GGO, Cons, AB, IST 5 Lymphopenia
Thrombocytopenia
80.5 906 5.7
5 M/67 No F,C GGO, Cons, AB, IST 3 Leukopenia
Lymphopenia
45.1 209 6.1
6 M/62 No F,C,T GGO, Cons, AB, IST 7 Lymphopenia NA 846 7.3
7 F/75 Diabetes F,C,T GGO, Cons, AB, IST 9 Leukopenia Lymphopenia 106.1 NA 7.2
8 M/68 Hypertension F,C GGO, Cons, AB, IST 3 Leukopenia Lymphopenia NA NA 9.5
9 M/53 No F,C,T GGO, Cons, AB, IST 8 Lymphopenia NA 396 8.3
10 M/74 Chronic bronchitis F,C GGO, Cons 6 Lymphopenia 81.4 422 8.0
11 F/74 Diabetes F,C,T GGO, Cons, IST 4 Lymphopenia 51.2 483 7.9
12 M/78 Hypertension F,C,T GGO, Cons, AB, IST 5 Leukopenia Lymphopenia 76.0 368 6.5
13 M/68 Diabetes F,C,T GGO, Cons, AB, IST 7 Lymphopenia
Thrombocytopenia
84.7 724 10.1
14 M/47 No F,C GGO, Cons, AB, IST 5 Lymphopenia 57.2 NA 9.1
F ¼ fever; C ¼ cough; T ¼ tachypnea; D ¼ diarrhea; NA ¼ not available; GGO ¼ ground glass opacity; Cons ¼ consolidation; AB ¼ air bronchogram;
IST ¼ interlobular septal thickening; Normal ranges are as follows: CRP ¼ c-reactive protein (<8 mg/L); LDH ¼ lactate dehydrogenase (109.00～245.00 U/L);
PaO2 ¼ partialpressureofbloodoxygen (10.00～14.00 KPa).
Table 2
CT findings of the 14 patients with pneumonia following human infected avian
influenza (H7N9).
Characteristic No. of Patients (n ¼ 14)
Pattern of parenchymal abnormality
Ground glass opacity 14 (100)
Consolidation 14 (100)
Air bronchogram 11 (78.6)
Interlobular septal thickening 11 (78.6)
Crazy-paving pattern 3 (21.4)
Nodules 1 (7.1)
Pleural effusions 9 (64.3)
Unilateral 5 (35.7)
Bilateral 4 (28.6)
No. of sides involved
Unilateral 0 (0)
Bilateral 14 (100)
Predominant distribution
Central 0 (0)
Subpleural 3 (21.4)
Central and subpleural 11 (78.6)
Distribution
Focal 0 (0)
Multifocal 13 (92.9)
Diffuse 1 (7.1)
Lesion location
Upper lobe 9 (64.3)
Middle lobe 12 (85.7)
Lower lobe 13 (92.9)
Data are raw numbers; percentages are in parentheses.
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protein (n ¼ 11, 11/11, 100%), elevated lactate dehydrogenase
(n ¼ 10, 10/10, 100%), and decreased partial pressure of blood
oxygen (PaO2) (n ¼ 14, 14/14, 100%).
The initial CT scans were obtained at d 7.6 ± 2.8 (range,
3e10 days) after onset. The CT findings of the patients with
confirmed human infected avian influenza (H7N9) are sum-
marized in Table 2. The predominant CT findings consisted of
a mixed pattern of ground glass opacity and areas of consol-
idation in 14 patients (100%), air bronchogram in 11patients
(78.6%) (Fig. 1), a multifocal pattern in 13 patients (92.9%),
and central and subpleural distributions in 11 patients (78.6%)
(Fig. 2). The abnormalities were bilateral in all 14 patients
(100%). A small pleural effusion was found in 9 patients
(64.3%). A crazy-paving appearance was observed in 3 pa-
tients (21.4%). Centrilobular nodules presented in only one
patient (7.1%). Pneumothorax, pneumomediastinum, and hilar
or mediastinal lymphadenopathies were not evident on CT
scan of the 14patients. The degree of abnormalities on CT scan
of the14 patients with pneumonia caused by human infected
avian influenza (H7N9) is summarized in Table 3. The mean
scores of the ground glass opacities and consolidations were
8.6 ± 5.3 and 4.3 ± 3.2, respectively. The difference between
the scores of ground glass opacities and consolidations was
significant (t ¼ 2.226, P ¼ 0.044). The ratio of the ground
glass opacity score to the consolidation score was 3, and a
CT pattern of predominant ground glass opacities and less
dominant consolidations was observed in 8 patients (57.1%)
(Fig. 3). In 10 patients (71.4%), the abnormalities had a per-
centage of the maximal CT score of 40%. In 6 (42.9%)
patients, the abnormalities had a percentage of the maximalCT score of 50%; these patients experienced respiratory
failure and required mechanical ventilation, and one died.
Two follow-up CT scans were obtained from 10 of the 14
patients. The mean time between initial and first follow-upCT
Fig. 1. Transverse thoracic CTobtained at d 9 after onset of a 75-year-old womanwith H7N9 pneumonia. (a) Mixed ground glass opacities and consolidations with air
bronchograms (arrow) predominantly involved the right lung zones. (b) Patchy consolidations in right lung and bilateral small pleural effusions (arrowhead) are noted.
Fig. 2. Transverse thoracic CTobtained at d 7 after onset of a 53-year-old man with H7N9 pneumonia. (a) Bilateral and subpleural ground glass opacities (arrow) in
right middle lobe and left lower lobe are noted. (b) Multifocal ground glass opacities (arrowhead) with central and subpleural distribution are noted in both lungs.
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time between initial and second follow-upCTexaminations was
15.2±5.2 days (range, 8e22days). The first follow-upCT found
8patients with their lesions progress, including interval increaseTable 3
Extent of lesions by CT in the 14 patients with pneumonia following human
infected avian influenza.
Ground glass
opacity score
Consolidation
score
Ratio of ground
glass opacity score
to consolidation
score
Percentage of
abnormality scores
to maximum CT
score (%)
1 4 2 2 20.8
2 16 2 8 70.8
3 1 6 0.2 27.1
4 21 3 7 91.7
5 7 2 3.5 37.5
6 8 5 1.6 45.8
7 10 3 3.3 54.2
8 8 2 4 41.7
9 9 2 4.5 45.8
10 9 1 9 41.7
11 7 12 0.6 79.2
12 5 8 0.6 54.2
13 2 8 0.3 37.5
14 13 4 3.3 70.8
Data are raw numbers.in the size of the lesions,the number of lobes involved, the
proportion of consolidations, and the pleural effusion; whereas
on the second follow-up CT indicated declines. As for the other
two patients, both of the two follow-up CT scans showed steady
improvement. The interval changes included a decrease in the
size of the lesions, the proportion of ground glass opacities and
consolidations.
4. Discussion
The prominent clinical manifestations of the 14 patients on
admission were severe influenza syndrome with fever, cough,
tachypnea. The most striking laboratory findings were signifi-
cant lymphopenia, leukopenia, and thrombocytopenia. Lym-
phopenia occurred in all 14 patients. In this study, all patients
were elderly adults aged 67.4 ± 9.7 years (range, 47e81 years),
and 8 patients had preexisting medical conditions. Based on the
small number of patients examined in this study, H7N9 subtype
of avian influenza virus seems to favor elderly adults who have
coexisting chronic diseases. Indeed, a proportion of elderly
people have some level of sensitized immune system following
exposure to the 1918 virus or related strains that circulated until
1957 [7], and elderly and immuno compromised persons are at
increased risk for the development of fulminant influenza virus
Fig. 3. Transverse thoracic CT obtained at d 10 after onset of a 67-year-old man with H7N9 pneumonia. (a)Predominant ground glass opacities (arrow) with air
bronchograms are noted in left lung. (b) Ground glass opacities in left lung and patchy consolidations (arrowhead) in both lower lobes are seen.
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10patientsrequired mechanical ventilation. Other common
findings were an increased c-reactive protein level and lactate
dehydrogenase. We concluded that the infection can cause se-
vere illness and acute respiratory distress syndrome and that
most patients may require mechanical ventilation. These clin-
ical presentations were similar to those in the 2004outbreak of
influenza A (H5N1) pneumonia in Vietnam and in the 1997
outbreak in Hong Kong [1,9]. According to the case reports,
most patients with H5N1 infection provided a clear history and
reported close contact with poultry during the week before the
onset of illness. A retrospective study after the Hong Kong
outbreak showed that visiting poultry markets before the onset
of illness was the only significant risk factor [10]. Although
previous report found a large percentage of H7N9 patients (2/3,
67.7%) with a history of close contact with poultry [5], only 2
patients (14.3%) in our study had the same past history. In
addition, the proportion of patients with H7N9 infection with a
history of close contact with poultry was much lower compared
to patients with H5N1 infection.
In this study, all patients presented a mixture of ground
glass opacities and areas of consolidation on CT. Air bron-
chogram was almost universal. Our initial CT finding of a
mixed pattern are consistent with the previous several reports
of CT findings of emerging H7N9 pneumonia [11e14].
However, this finding was not consistent to the CT findings
reported for human infected avian influenza A (H1N1) virus-
associated pneumonia by Marchiori et al. [15], who noted
that ground glass opacity (12/20, 60%) was the most common
CT finding and that a mixed pattern (6/20, 30%) was the
second most common finding at d 4e9 after onset. Studies on
the CT findings of pneumonia due to H5N1infection are
limited and do not distinguish between ground glass opacity
and consolidation [16]. However, in our study, the extent of
ground glass opacities was greater than the areas of consoli-
dation on CT (P < 0.05). The common initial CT findings were
a mixed pattern of predominant ground glass opacities and less
dominant consolidations. This finding may be initial CT
finding in the early stage of H7N9 infection. Its uncommon
appearance in previous studies might represent the rapidprogress of ground glass opacity on initial CT [11,13,14].
Serial radiographs may show that the poorly defined patchy
areas develop rapidly into confluent [11,12]. The lesions were
bilateral, with a multifocal distribution in 13 patients (92.9%).
The abnormalities had a predominantly subpleural and central
distribution in 10 patients (78.6%) and a subpleural distribu-
tion in the remaining 3 patients (21.4%). Therefore, the pre-
dominant distribution of parenchymal abnormalities was
bilateral and multifocal, with a subpleural and peri-
bronchovascular predominance. In addition, no mediastinal or
hilar lymphadenopathy was noted. These findings are similar
to the CT findings of pneumonia caused by H1N1 or H5N1
subtype infection, which have been consistently reported in
other studies [15e17]. A small pleural effusion was observed
in 9 cases (64.3%), including bilateral effusion in 2 patients
and unilateral effusion in 4 patients. Pleural effusion is
generally considered to be rare in patients with human infected
avian influenza [17]. However, these symptoms occurred more
frequently in our patients. A previous study also reported
pleural effusion often with severe coexisting consolidation
observed in one third of the 178 patients infected by H5N1
avian influenza virus, and the effusions were bilateral in nearly
all patients during the course of the disease [18]. In addition, a
small pleural effusion was previously observed in 5 patients
(25%) with H1N1 infection using CT [15].
Interlobular septal thickening was observed on CT scans in
11 patients, and a crazy-paving appearance was found in 3
patients. Previous studies reported that the most dramatic
cause of widespread smooth thickening of the interlobular
septa is acute respiratory distress syndrome in the context of
viral diseases [19,20]. Smooth septal thickening may also be
observable in association with ground-glass opacity, a pattern
termed ‘crazy-paving’. This pattern had a variety of potential
causes, including nonspecific interstitial pneumonia, pulmo-
nary alveolar proteinosis, adult respiratory distress syndrome,
and pulmonary hemorrhage syndromes [21]. According to a
previous study that evaluated the CT findings of adenovirus
pneumonia and its pathologic correlations [22], the crazy-
paving pattern may be indicative of diffuse alveolar damage
caused by viral pneumonia.
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from findings described in other viral pneumonias [23,24].
Reittner et al. reviewed HRCT data from 114 patients with
different types of pneumonia and reported that most of the
patients with viral pneumonia had centrilobular nodules [24].
In this study, centrilobular nodules were found in only one
patient. However, our patients are most likely to represent
those with severe pneumonia because they were primarily
hospitalized patients. It has been postulated that the relative
absence of involvement of the small airways may be due to the
severe conditions, when diffuse alveolar damage obscures the
abnormalities of the airways.
In this study, 40% pneumonic infiltration was observed in
10 patients (71.4%). In 6 patients, the abnormalities had a per-
centage of the maximum CT score of 50%, and all six had
respiratory failure and required mechanical ventilation; one
died. The extensive pneumonic infiltration is concordant with
the severe clinical symptoms. Wang et al. reported the lung le-
sions involved three or more lobes in all 12 cases, but they did
not use CT score to evaluate the extent of lung lesions. Ten
patients had two follow-up CT examinations. There was a sig-
nificant increase in extent of lesions in 8 patients. Rapid prog-
ress of the CT abnormalities was demonstrated as developing
into multifocal air-space opacity during a short period of time
before the first follow-up examinations at the early stage of the
disease. The disease had acute onset and exhibited rapid prog-
ress of the lesions. The infection expanded throughout the lungs
within just a short period of time. This finding is similar to the
two previous reports [11,14]. It is worth mentioning that the
lesions of the survivors decreased slowly thereafter.
There are some limitations to this study. It is retrospective
and includes only a small number of cases. All of the patients
in our current study were reported to the CDC from March
2013 to July 2013 and required hospitalization. Therefore, the
analysis was biased toward patients with more severe condi-
tions. Despite the use of a standardized data-collecting pro-
tocol, not all information was collected for all patients.
In conclusion, the common initial CT findings of pneu-
monia in patients with human infected avian influenza (H7N9)
were predominant ground glass opacities and less dominant
consolidations, commonly with air bronchogram, multifocal or
bilateral involvement and a subpleural and central distribution.
Extensive pneumonic infiltration and pleural effusions were
common. In combination with appropriate clinical symptoms
and contact history, CT can play an important role in the early
recognition of H7N9 pneumonia.
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